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ABSiRACT 


Wc nivc preliminary estimates of the effects massive Ar* injections 
have on the ionosphere-plasmasphere system with specific emphasis on 
potential communications disruptions. The effects stem from direct 
Ar* precipitation into the atmosphere and from Ar^ beam induced precipi- 
tation of MeV radiation belt protons. I'hese injections result from the 
construction of Solar Power Satellites usin>; earth-based materials in 
which sections of a satellite must be lifted from low earth to jjeosynchro- 
nous orbit. The most plausible method of accomplishing this task is by 
means of ion propulsion based on the relatively abundant terrestrial 
atmospheric component, Ar. The proposed propulsion system will release 
a dense beam of vS keV Ar* (llanely and ('uttman, l97Ra1. The total 
amount of Ar* injected in transporting the components for each Solar 
Power Satellite is comparable to the total ion content of the ionosphere- 
plasmasphere system while the total energy injected is larger than that 
of this system. It is suggested that such effects may be largely 
eliminated by using lunar-based rather than earth-based satellite con- 
struction materials. 
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INTROlURn I OS 


He wish to examine the possible environmental impacts of one aspect 
of Solar Power Satellite (SPS) construction involving the lifting of SPS 
components from low earth orbit (I.liO) to geosynchronous earth orbit 
(fil'.O) using Ion propulsion spacecraft powered by solar arrays. In 
current studies, this is the second stage of a two step process 
envisioned when terrestrial materials are used in SPS construction 
(llanely and fluttman, 1978a). The first step is lifting materials from 
the earth's surface to Ll-0 with a heavy lift launch vehicle (Ill.LV) which 
is planned .• be an enlarged later generation of the current Space 
Shuttle. In the second step, orbital transfer vehicles (0T\') will 
inject 'V2 x 10*’ kg of "vS keV argon ions into the near earth environment 
in the process of carrying the components that will comprise the 
'vST.SxlO*' kg SPS from l,l!0 to llhO. The use of ion propellants is necessi 
tated by the prohibitive demands of chemical propel l.ints. It is this 
massive release of energetic ions in the upper ionosphere, the plasma- 
sphere and the outer magnetosphere that is the subject of this paper. 
This is viewed as giving rise to significant man made perturbations 
of the earth's atnaisphere , ionosphere and magnetosphere. 
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Vehicle and Orbit l'c^crlj*t ion 

The ba»i!» of our investigation is formed by recent studies of 
orbital operations for SI’S const met ion (lianely and Outtman, I978h). 

These studies Indicate that the SI’S components will be carried from 110 
to Oro by about 10 0T\'’s. I ach OTV will consist of .1 solar array of 
'v2b0 1 megawatt ion thrusters having an area of * 1,10 cm*. Ibis thruster 
array will be attached by cables to the fiartially assembled SI’S struc- 
ture to be moved to C.l;0 as shown in Figure 1. The thrusters' fuel is 
argon duo to its relatively high abundance (“vl* of total atmosphere) and 
low cost. Addit icnally, the relatively low first and high second ioni- 
zation potentials of Ar as well as its high specific impulse and thrust 
resulting from its intcrmciliatc weight also make it a reasonahle choice 
(Stuhlinger, l‘>bl). An OTV will require 'vl30 days for the I I'O to (!10 
transfer. Thus, all of the OTV vehicles will be flying almost simultuiie- 
ously since the desired building rate of SI’S is projected at one per 
“v-lSO days. The tr.Tiispnrt of the SI’S materials from earth to NO is 
limited to 'vSO days and thus a high launch frequency of the lll.lA''s is 
required. The total number of SI’S's envisioned to supply a substantial 
amount of the U.S. electrical power requirements will require construc- 
tion and transport over a period of decades ((’.laser, 1977). The transfer 
orbit from 1.1:0 to OliO will he a spiral that is most tightly wound at 
lower altitudes. Hence the OTV's will he spending most of their time 
near the earth where most of the deposition of the 5 keV Ar^ will 
occur, tending to maximize environmental effects there. The ion beam 
emitted by the OTV will have a velocity spread of 'vO.d where = 


150 



Km 5ec** is the beam velocity. The beam will therefore spread rapidly 
during the time it remains in the plasmasphere (100-200 sec). Typical 
plasma parameters for an iVT\' are shown in Table 1. 
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Ion Beam Pynami c* 

The 5 KeV Ar* beam omit ml by tho ion propulsion thruster array of 
the OT\'s is the sotiree of tho environmental effects we wish to discuss 
here. We will first consider the time evolution of the beam following 
its injection from a given orbital position near the earth's equatorial 
plane. 

The thrusters' beam is directed approximately perpendicular to the 
local magnetic field lines. Its propagation characteristics have been 
discussed by a number of authors (lleikkila, l‘)7S; Schmidt, l9oo; l-althammar, 
1975). The essential characteristics are that most of the ions travel 
at a velocity equal to the beam's exit velocity from the ion thrusters 
until the beam density becomes sufficiently low so that the Ar* no 
longer acts collectively to maintain the polariration electric field 
needed for cross-field propagation. The critical number density below 


which the beam density n^^ must fall to stop propagation is 



in 


where B is the terrestrial magnetic field strength, m^ is the argon ion 
mass and c is the speed of light. Equation (1) is eipii valent to saying 
that the magnetic field energy density must be greater than the rest 
imiss energy density of the beam and follows direcrly from the beam 
propagation equations iralthainmar. 19'’3), In .uld.tion, equation (1) 
implies that the plasma dielectric constant is near unity, l-or outward 
propagating beams the condition n^^ < n^ cannot be satisfied within the 
plasmas|>here. In Tigure 2 we show the beam densities and critical 
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densities as functions of time from injection for injection at L*1.5 
(note that l.l’.O is at I. l.l). As can be seen from this figure n^ is 
always much less than n^ and the beam is not stopped in the near-earth 
plasma environment. Beam-plasma instabilities are ineffective in stop- 
ping the beam. The instability growth perloiis are characteristically on 
n 

the order of x “v* x , where n i- the ambient baeVground plasma density 

g Ojj A p 




and x^ is the argon ion gyropcritHl. Since n^ % 10‘ , we see from 
I'lgurc 2 that n^ due to rapid beam spreading and hence x^ is not 

:>mall compared to the beam's residence time in the plasmasphere. Addi- 
tionally, the low conversion efficiency of beam energy into plasma wave 
turbulence furtner reduces the beam stopping power due to instabilities 
produced during the beam's brief transit through the plasmasphere 
(Palmadesso et al., 1970). 

Since the Ar* beam is not stopped in the plasmasphere and the 

residence time of the beam in the plasimisphere is only 'v2()0 sec it is 

worthwhile to ask what effects the beam has on the plasmasphere and 

upper ionosphere. Although the beam is not stopped and most of the beam 

escapes the plasmasphere, a substantial fraction of the beam mass is 

deposited in the plasmasphere. The mechanism for this deposition derives 

from the fact that the polarization electric field I! that allows cross 

P 

field propagation is nommiform across the beam's cross section (Crow et 
al. 1978). Specifically, in the outer sheath of the beam the ions arc 
subject to a smaller polarization field and hence will fall behind the 
bulk of the beam. This may be visualized as a process in which successive 
onion skin-like layers are peeled off of an expanding beam. The lost 


0 



Ions arc then hoimd to the fieUl lines since they now lack the electric 
field required for cross- fie Id nhuement . The characteristic width 
of this beam sheath will he the Pehye length of the beam plasma 


’ 1 / ■* 

t r'A.l-'V, )“ 1 

'lA f * 


■8nn. c 
b 


where is the beam spre.id in velocity, Vj^. To estimate the 

fraction of the beam lost per unit time we regard all the ions in the 
beam's Debye sheath to be lost and the characteristic refilling time of 
the sheath to be the local \r* gyroperiod 


t^(l.) • T^(h-l.O) l' (5) 

where t^( 1,«1 .0)»0.08 sec is the Ar^ gyropcritkl at the earth's surface. 
This model for the loss process, .although simplified for computational 
ease, embodies the basic physics of the beam loss process and should 
yield results correct in order of mgnitude. Now let N be the line 
density of the beam obtained by integrating the beam's density over its 
cross section. The fractiimal loss in a gyroperiod is then 




2A^/a 


X - 4 

where a is the beam's radius and A^/a 'v ID . Then the change in the 
beam line density per unit time is 


dN ^ N_ 

dt * a T. 


(5) 
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rhe beam trajectory is jilven l>y 


2 ■> 3 ■* 1 / ■* 

Kt) - ( 1 .^'^ ♦ ( 6 ) 

where I, Is the beam's injection position and R is the radius of the 
earth, h'e note that the effects of drifts due to gradients and curva- 
ture in the terrestrial maitnetic field (assumed dipolar) are negligible. 
- 1 / ’ 

Since obtain upon Integration of equation (.S) 


.... 1 - S(t) 3 . 0 .U 4 , , -1 'V 

— 5 - sin tan -g 

o 1 . o e 


(7) 


where f(t) is the fractional loss of the beam's line density at time t. 

is the initial beam line density at injection (t» 0 ). Ke observed 
from (7) that as t -*• ® the asymtotic value approached for the fractional 
beam depletion is 


f{t »«) \ 0.124 1.^’“ ( 8 ) 

Thus, the greatest local deposition of Ar^ is achieved by injection at 
the smaller I. values and is s. 10*. In Figure .A we plot the fractional 
beam depletion as a function of radial distance in the earth's equator- 
ial plane for a number of different injection positions. Characteris- 
tically the beam will deposit a few percent of its total mass in the 
plasmasphere before leaving. Not only is greater deposition produced 
by beam injection closer to earth, as implied in equation (7), but since 
the OTV's trajectory is a spiral, most tightly wound at lower altitudes, 
the time for deposition is also greater there. The time spent between 
the radial position l.j and by the 0T\' is given by 
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where P is the effective power of the (TIA’ ion thrusters (i is vhc (;r.ivita> 
tional constant M the nuiss of the earth, the (TTV mass aiul J.j, ■ 

* ^2. In equation (9) we have also accounted for the time spent in 
the earth's shadow by the OTV. Ituring times of solar eclipse the Orv 
will not be operating since it is solar powered. Using the trajectory 
given by equation (9) and the fractional deposition rate given by equa* 
tion ('), we have computed the total deposition of Ar^ in the plasma- 
sphere as a function of radial distance from earth. The Ar^ is assumed 
to be uniformly distributed between +30* latitudes. The results of this 
calculation are shown in l•■igure 4, where we see that the energetic Ar* 
deposited in the plasmasphere will constitute roughly I -10* of the 
plasmusphere' s natural cold plasma density of ''-10*' cm'^. This means 
that the energy density of Ar* per SI’S will be roughly two orders of 
magnitude greater than the cold plasma background. It is this artifically 
introduced plasma component which will produce environmental effects. 

Since a substantial number of the ions injected by the OlA's at 
orbits well within the plasmasphere propagate out beyond the plasmapause 
into the outer magnetosphere, modifications may be expected there. 

Typical outer magnetosphere densities are “v 1 cm*'' and temperatures 
'V 1 keV, thus, the beam ions will represent a substantial energetic 
high-Z source. The injection of these high-Z ions into the magnetotail 
may increase anomalous resistivity and hence the rate of magnetic field 
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line merging (private communication, C. S. Wu). One to the possible 
causal connection between merging and substorms (Hiiltquist, 1969), the 
result could be an increased frequency of magnetospher substorms with 
potentially disruptive effects on the high latitude ionosphere and radio 
communications. An increase \r, auroral activity may also be expected. 
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I.ifctt«c!t of l>c po»itC il Argo n Io ns 

There exl«t three nrlnclp«*i lose mechanism* for the Ar*. Those are 
(1) charge exchange with the exospheric hydrogen, (2) coiilomh scattering 
with plasnaspherc electrons and (A) plasma instabl 1 ity* induced pitch 
angle scattering which results In the precipitation Into the atmosphere. 
In the charge exchange (CF) process the Ar* is lost hy conversion into .i 
hot neutral Ar atom. The atoms are not hound to the magnetic field 
lines and depending on their initial velocity are either lost in the 
atmosphere or escape from the earth. F.lectron coulomb scattering (F.CS) 
will heat the plasmasphere electrons and slow the energy degradatii>n 
rate of the Ar*. The lung term result of FCS is the thermal assimila- 
tion of energetic Ar* into the plasmasphere. Finally, plasma instabili- 
ties (PI) driven by the pitch angle anisotropy of the energetic Ar* 
provide a free energy source to generate plasma turbulence which will 
cause the Ar* to randomly walk in pitch angle and hence • * j-'ctially 
fill in the loss cone. The Initial Ar* anisotropy is due to their 
injection nearly perpendicular to the geomagnetic field. Thus, the 
contents of the partially filled loss cone will be dumped into the 
atmosphere at each mirroring point, reducing the fluxes of Ar*. Also 
the Ar* will tend to assimilate into the plasmasphere background plasma 
by heating the background plasma in a two stage process In which the Ar* 
first generates plasma turbulence. The turbulence is then damped by the 
cold plasmasphere plasma which is heated in the process. Wc consider 
each of these processes in greater detail. 
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The charue exchan){e lr*tcraction involves the reaction 
ll(“S) ♦ Ar^ ^ '''■ ^'^o^ 

where neutral H Is the dominant component of the terrestrial exosphere, 
the collisionless uppermost layer of the atmosphere that gradually 
merges into the interplanetary meuiuiti. Ke note that the position of LEO 
is somewhat higher than the nominal position of the base of the exosphere 
located at 'v-500 km. Using a model exosphere (Hartle, 1971) for the 
radial variation of M, we have calculated the lifetime of \r* as a 
function of radial distance by means of the principle of detailed balance 
(Mapleton, 1972) and knoum charge exchange cross sections (Stedeford and 
Hasted, 1955). The results of this calculation are shown in Figure 5 by 
the dotted line. Although the lifetime t^j, is only a few days near the 
exebase at LEO fl,»l.n, it rapidly increases with increasing distance 
and becomes charac»‘eri st ical ly of the order of months throughout most of 
the plasm .1 sphere. 

Electron coulomb scattering is directly proportional to the electron 
temperature to the 3/2 power nd inversely proportional to the ambient 
electron density' (Sni*zer, 1967; Montgomery and Tidman, 1964) in the 
regime where , the relationship between the Ar^ velocity, 

the electron thermal velocity and the ion thermal velocity v^j^j in 

the p 1 a. sma sphere. Thus the ’ifetime of Ar^ determined by F.CS will 
depend sensitively on '.’o extent to which the background plasmaspherc 
electrons arc heated. The dominant loss caused by ECS is the energy 
degradation of Ar^ due to the small electron to ion mass ratio. The 
effects of pitch angle scattering caused by the much lighter electrons 
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or |»l;ism;i»plu*ro protons aro iu'>; I i ciblo , Now tho ability ot‘ tbo onornotic 
Ar* to hiat tho plasmasphoro oloctrons si>:ni t ioaiit ly aiul thus to oxtoiul 
thoir lit’otimos, limitotl by MS iloponds on tho rolativo onor^y oontont 

of tho plasmasphor io olootrons aiul tho \r*. In lij'iiro I wo soo that tho 

♦ I J 

ratio ot \r ilonsitv to olootron ilonsitv is n. 'n ■v M' 10 aiul 

\ o 

sinoo T./T s-SxItv' wo find that n,T 'n T '■ SO-SOO. Iluis at'proo i.iblo 
hoatiu): of tho plasmasphoro oMotrons will ociuir diiriii); tho onorn) 
dottradation of tho \r*. Iho lovol of plasmasphoro olootron boating will 
bo limitod by tho offoois of olootron boat ooiuhiotion transporting this 
onorgy out of tho plasmasphoro and into tho ionosphoro. In l•iguro S wo 
show by tho solid linos tho MIS lifotimo f*’«‘ modost plasmasphoro 

olootron tomporaturo inoro.isos rolativo to thoso possil»lo fr»>m tho 
onorgy rosorvoir roprosontoil by onorgotio \r* . Wo soo that until plas- 
masphoro tomporaturos groat or than !(' oV aro attainoil, tho M’S l«iss 
procoss dominatos tho l!l: loss proooss oxoopt fi*r altituilos bolow l«J. 

Tho donsity modol usod in thoso oaloulations had donsitios varying 

oxponont ia I ly from 10* om ' at I I I' to "v li'Vm*’' noar tho plasmapauso. 

A/2 

Bovond tho plamasphoro (sinoo n T ‘ /n , and tho outor magnoto- 

M.S o o 

sphorio plasma is hot and tomious, i.o., T s, 1 KoV, u v 1( tho t'l: loss 

o o 

proooss yiolds lifotimos ordors of magnitiulo smallor than thoso of M!S. 

Iho l.ist loss proooss wo oonsidor i> that duo 1 1 > tho plasma insta- 
bilitios. Tho initially anisotro|'io Ar* will *lrivo plasma turbulonoo by 
moans of tho ions' oxooss froo onorgy until a limiting flux oondition is 
sattifiod (Konnol and I’otsohok, li><>bl. In this situation .inv inoroaso 
in tho pitoh anglo anisotropy ol Ar* will t ond to inoroaso t h«' rato of 
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sciittorinn of those ions Into their loss cones ;iml hence to decrease 
their flux ami anisotropy levels. The rale at which this steady state 
situation is approached will depend on the y.rowth periods of plasma 
instabilities driven by the \r* excess free energy, on the rate at which 
this turinilenee scatters \r* into loss cones, on the bounce period of Ar* 
between mirrorinj; points and on t)»c slie of the loss cone at a given 
equatorial radial distance. 1., Vow the characteristic growth period 
is given by (Mikhai lovski i , I‘.17 I, l‘>75), 

\ "t. Vv no 


where is the Ar gyroperlod which ranges from 0. I to 2b seconds from 

- 1 -2 

1. ■ l.l to k « «>.<) and since typical growth 

periods range from little more than a second at IJ-O to at most a few 
minutes within the plasmasphere. Since the saturation turbulence levels 
due to the instabilities may be expected to occur within several growth 
periods (bavidson, 1072), we may expect the turbulence to be well estab- 
lished anywhere in the plasmasphere in less than about one hour after 
beam passage. If we assume th.it the turbulence level is high enough 
to isotropize the Ar* in p bounce periods the lifetime of Ar* with 
respect to plasma instabilities is 


^'1 -V 


2 (1-cos A ) 
o 


112 ) 


where u is the loss cone angle at a given r.idial distance h. o varies 
o o 

from •vuO" at l.^l.l to only a few degrees at l.>2.n. The bounce periods 

varv from t, ■- 1 .min at 1=1.1 to ID min at I. = .l.DiSchulz and l.anzerotti, 

b 
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1974). In deriving equation (12) wo asitumc that In p hounce periods the 

loss cone is filled which results in a fractional loss of 2(l-cosa ) of 

o 

the Ar* flux, that is the fraction of the lit steradians in velocity 
space occupied by the loss cone. If p<l, then we simply use in the 
numerator of (12), for then is the limitiny; time for loss-cone emptyinR. 
The characteristic times t^j/n ranpe from minutes at l,»l.l to hours at 
L"4.0 and so when p''<l , tpj will be the limititiR lifetime in the plasma- 
sphere when compared to t^j. and However due to the tendency to 

approach the limitinR flux condition, it is likely that p>>l, except 
for a relatively short period immediately after beam ileposition of the 
Ar*. Thus the loss of Ar* by pitch angle scattering induced by plasma 
wave turbulence generated by these Ic’ns is negligible compared to the 
other two loss mechanisms discussed earlier. We note that the turbulence 
may nonetheless be high enough to significantly affect other plasmasphere 
plasma components. 
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ros»ib lc I'nvironmontal Imp act ; Communicat 

I'rom our discussion of l)cain proj>a)*at Ion throuRh the plasmasphero 
and the resulting deposition of energetic \r* in substantial quantities 
over distances of several earth radii and with lifetimes of up to a 
year, we see that substantial chan)>es may be expected in the near earth 
plasma environment. In this section we deal specifically with the 
effects on terrestrial communications of the enhanced precipitation of 
enertietic ions induced by the 5 keV Ar* beam. It is well known that 
enhanced precipitation of enerjjetic particles occurring during solar 
flares can seriously disrupt these links (Argo and Hill, ll)7«; Kong et 
al, 1978; Prettie, 19781. Portunately , these naturally occurring disrup- 
tions arc of relatively short duration fs, days'). However, in the 
scenario which we present here, there is the potential for communications 
disruptions over periods of decades as a consequence of the continuous 
construction of an SI’S fleet. 

Dae to their initial injection almost ncrpendicular to the local 
ambient magnetic field the deposited energetic Ar* possess a high level 
of pitch angle anisotropy. T!us pitch angle anisotropy as discussed in 
the earlier sections provides the tree energy which drives plasma insta- 
bilities and hence plasma turbulence. In addition to the plasma turbu- 
lence driven by the energetic \r* deposited by the beam, short duration 
turbulence is also generated by the beam itself as it projiagatcs outward 
through the plasmasphero. Instabilities expected in this case include 
the beam-plasma instability driven by the beam's high velocity, drift 
wave instabilities driven by the density gradient of Ar^ at the beam's 


- 16 - 



surface, and the kelvln-llelmholtz Instability driven by the velocity 
gradient near the beam's surface resulting from the nonuni form! ty of the 
polarization electric field. Hue to the beam's short residence time 
(100-200 sec) in the plasmasphere the effects of these plasma instabili- 
ties on the beam's attenuation will mt>5t likely be minor as discussed 
earlier. The plasma turbulence will tend to both isotropize Ar as well 
as the various naturally occurring components of the plasmasphere popu- 
lation. In particular the radiation belt ions will be affected. These 

ions, mostly protons, are characterized by high energies and fluxes. 

4 

For energies r>50.MeV, fluxes greater than 10 cm “ arc encountered 
between l.»l.2 and l.«1.8 and when F>1.0 MeV fluxes above 10’ cm * exist 
beyond L»2.0 (Hess, 19b8). The high fluxes of high energy protons exist 
precisely in the region of 1.^2. 0 where most of the Ar* deposition 
occurs as shown in Figure 4. Since the turbulence level will be propor- 
tional to the number density of Ar*, precipitation effects may be 
substantial in the inner radiation belt. The precipitating protons will 
have energies up to '\-l00 MeV and hence may he expected to have effects 
similar to those of solar flares. In Figure b we show a map of the 
western hemisphere with the near surface I. values projected from the 
earth's equatorial plane (Stassinopolous , 1970), Since precipitation is 
expected between b»l . 1 (I.l-O) and l.'''4..S (plasmapausel , most of effects 
will occur over a latitude range which is roughly centered about the 
continental II. S. In Figures "'a and 7b we show the spatial distribution 
of energetic radiation belt protons for F.>S0 MeV and F>1.0 ^lcV. We may 
estimate the lifetime of the radiation belt protons in the plasma 
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tlirbultMU'c Rcnrnttcil by the \r^ pslng equation (IJ). Noting that the 
bounce times arc 0.5 to I sec for the MeV energy protons .and taking the 
number of bounce periods required to isotroplie the MeV ions as about 
the same as that of the Ar*, depletion of radiation belt protons can 
occur up to two orders of magnitude faster than the Ar* . Kc may then 
expect substantial fluxes of radiation belt protons to precipitate 
before the Ar* turbulence subsides due to the Ar* population's approach 
to a limiting flux condition. As the Ar^ beam propagates outward during 
the (TTV's trip to Cil-.O a continuous source of anisotropic Ar* will exist 
extending from the OIT's orbit to the plasmnpause. Thus precipitation 
effects will extend over the lifetime of the SPS construction ('vb 
mos/stat ion) . In addition to the proton precipitation, Ar* precipita- 
tion due to plasma turbulence may be expected as well as the ionization 
effects <lue to piocipitating 0.5 keV argon neutral atoms resulting from 
charge exchange. Also direct precipitation will occur at orbits near 
l,i;0 due to the ion beam velocity spread. The penetration depth of these 
energetic ions will range from stratospheric altitudes for the more 
energetic radiation belt protons to mesospheric-thermospheric altitudes 
for the energetic Ar* and Ar (Maedu and Singer, li>bl). Ke note that 
even if only .Ol'o of the beam energy is converted to plasma turbulence 
(I’almadossu et al, 11*7(>) the expected wide band wave amplitude charac- 
terizing this turbulence will l>e 'vlO'*’ my wiiicb is much greater than the 
natural wave amplitudes ol'served closely confined to the earth's magnetic 
equatorial plane of ■v20 my (Curnett, lH7b). Thus a 3 order of magnitude 
enhancement of plasma wave turbulence above its natural maximum level 
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may be possible. This is consistent with our conclusion that greatly 
increased ion precipitation m;iy be expected. This expectation is also 
in agreement with the recent results of the (\imeo experiments that 
involved the release of large quantities of Ba into the magnetosphere 
(private communication, J. P. Meppner) which may have triggered auroral- 
type particle precipitation. These experiments are known to have pro- 
duced much greater than normal r-f scintillations and signal attenuation 
as determined from monitoring a orOS-5 pass. This scintillation and 
attenuation is precisely the tvpe of communication Impairment expected 
from the Ar^ induced precipitation. Ionospheric scintillation will be 
produced by ionospheric electron density inhomogeni ties due to the 
spatial variation in the precipltat .i.g fluxes. The results of these 
processes will be similar to the conditions experienced during solar 
flare events with bandspreading and signal fadeout (Wong et al., 1978) 
occurring. 
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Summary and fond union s 

In the precodin)» sections we have descrlhed the possible consequences 
of one aspect of the construction of a larije fleet of Solar Power Stations. 
The part of the construction process considered was the transport of 
Iar{>e quantifies ot materials with total nuisses in the ranite of hundreds 
of thousands of metric tons from low earth orbit to Reos>'nchronous 
orbit. This orbital transfer procedure would entail the release of 
millions of kilograms of 5 keV argon ions modifying the near earth 
plasma environment and producing potentially serious effects on terres- 
trial communications. The Ar^ deposited in lifting an SI’S to r.l'.O 
will have a greater total energy content than the ionospherc-plasmasphcrc 
system. However if these SPS craft were to be built out of lunar 
materials as envisioned by some authors (O'I.eary, 1978) these consequences 
c-juld be largely avoided since the energy required to transport nuiterials 
from the lunar surface to HHO is much less than hauling materials from 
l.l-.O to (11:0. Thus, not only would less propellant be needed but it would 
be deposited much farther from regions where it may have a direct 
effect on human terrestrial activity. Ke conclude, on the basis of our 
preliminary study, that if a fleet of SPS's were to be fabricated, the use 
of lunar rather than terrestrial materials would appear to minimize the 
environmental imp.icts in addition to ocom.inic benefits derived from 
transportation cost reduction. Terrestrial materials would seem to be a 
viable a 1 tenv.it ive in the construction of a less than full scale SPS 
demon strati on f ac i 1 i t y . 
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F igure Capt ion* 

Diugraa of IFO to iiliO orbital transfer. 

Ion beam density n^ and stopping density, n^ us a function of 
equatorial radial distance L for injection of earth 

radii. 

Fraction of ion beam deposited by a given equatorial r.idiol 
distance, I., for a number of orbital injection points 1.^. 

Total radial density profile of Ar* resulting from a fleet 
of 10 0T\’'s transporting materials for one SI’S from 1,C0 to GFO. 
Ar* lifetimes due to charge exchange and electron coulomb 
scattering, for selected electron energies, as a function of 
equatorial radial distance, I.. 

Values of I- mapped from the earth's equatorial plane to a 100 
k" altitude (after Stassinopolous, 1970j. 

Kadiation belt proton fluxes for energies (a) F > 50 MeV 
(b) l-;>1.0 MeV (after N.VSA Sl’-811b, 1975). 


Table 1. 


Orbital Transfer Vehicle (0T\') beam plasma parameters. 
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POWER (P) LEVEL OF ION PROPULSION SYSTEM ~300 MW 

FLIGHT TIME t = E/P WHERE E IS ENERGY NEEDED TO 

CONVERT PROPULSION MASS TO 5 KEV 
Ar* IONS. 
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